a b s t r a c t BACKGROUND: Tension hemothorax is a rare event, due to different causes: trauma, ruptured thoracic aorta aneurysms, or as a complication of central venous line placement due to inadvertent artery puncture or cannulation. Tension hemothorax leads to both hypovolemic and obstructive shock and can require emergency management. PRESENTATION OF CASE: A 63 years old lady underwent a complicated surgical procedure for a postoperative small bowel obstruction after radical cystectomy. During the procedure, a central venous catheter was placed, under ultrasound guidance, in the right jugular vein but an unknown puncture of the right subclavian artery occurred. In the early phase of the postoperative course, a hypovolemic/obstructive shock developed because of a tension hemothorax. The patient underwent an emergency thoracotomy in the hybrid room, followed by an endovascular repair of the arterial laceration. A recurrent hemothorax developed a few hours later because of an endoleak that was treated successfully with a second endovascular approach and a balloon dilatation of the stent. CONCLUSIONS: tension hemothorax due to inadvertent subclavian artery laceration can be lifethreatening and should be managed in a hybrid room with endovascular and surgical capabilities.
Introduction
Tension hemothorax is a rare event, due to different causes: trauma with fracture of the first rib [1, 2] , ruptured thoracic aorta aneurysms [3, 4] , or as a complication of central venous line placement due to inadvertent artery puncture or cannulation [5] . Tension hemothorax leads to both hypovolemic and obstructive shock and request emergency management. Our case report is in line with the SCARE criteria [6] .
Case presentation
A 63 years old lady carried out a complex re-laparotomy for a postoperative small bowel occlusion after a radical cystectomy because of urothelial carcinoma. The procedure lasted 3 h because of thick adhesions that needed to be cleared. At the end of the procedure, total blood loss was 2 litres, and two Units of Packed Red Blood Cells (PRBC) were infused. During the surgical procedure, a central venous catheter was placed in the internal jugular * Corresponding author.
E-mail address: smagnone@asst-pg23.it (S. Magnone). vein by ultrasound-guided puncture of the vessel, but an inadvertent puncture and cannulation of the right subclavian artery occurred before catheter placement. Because of the ultrasoundguided procedure, the anesthesiologist thought to have cannulated the carotid artery and applied local pressure for a few minutes. Two hours later, when the patient was in the Intensive Care Unit (ICU) around midnight, a chest X-ray to check the correct position of the central venous catheter revealed a massive hemothorax ( Fig. 1 ), while the patient was hypotensive and responder to crystalloids and blood infusions. A chest drain was inserted without any substantial output but a small amount of clotted blood. The patient rapidly worsened, despite appropriate resuscitation with 10 U of PRBC, 8 U of Fresh Frozen Plasma (FFP), 3 U of cryoprecipitate and 1 U of platelets from apheresis. A second chest X-Ray to check tube position revealed a tension hemothorax (Fig. 2 ). The team in charge of the patient, comprising the anesthesiologist that did the general anaesthesia for the surgical procedure, made the diagnosis of suspected subclavian artery perforation and tension hemothorax with both hypovolemic and obstructive shock. The team decided to bring the patient in the hybrid room to control the likely bleeding for the right subclavian artery. While the patient has been positioning on the angiographic table, the ECG monitor showed severe bradycardia, with a heart rate of 30 and an impending cardiac arrest with a systolic blood pressure of 30 mmHg. An emergency thoracotomy to decompress the right chest was then performed via a V space incision, and five litres of blood under pressure were drained from the right pleural space, with a rapid improvement in the vital signs. During the endovascular procedure, the general surgeon left the thoracotomy open to allow a continuing suction in the pleural space to prevent the accumulation of clots. The endovascular procedure was conducted by the vascular surgeons and lasted 40 min, confirming the massive leak from a significant defect in the subclavian artery ( Fig. 3 ) and consisted in a 7 x 37 mm covered stent placement in the subclavian artery at the origin of the vertebral artery. The stent was expanded with a balloon taking care of not injuring the already damaged vessel (Fig.4) . The patient had a transient improvement, but in the next few hours, a hemodynamic instability again occurred, even if responsive to blood infusion. A CT scan revealed a leakage from the stent, because of retrograde revascularization of the vertebral artery (Fig. 5) . A new endovas- cular procedure, with more pronounced balloon dilatation of the stent, definitely controlled the bleeding. Fig.6 ) The patient slightly improved after an open surgical debridement of the pleural space from clots and blood, given the absence of an output from the two large drains that were in place. In the next few days, the patient went back to the ward and made a gradual full recovery with no neurological or vascular defects (Table 1) .
Discussion
Tension hemothorax is a well-known complication of trauma and thoracic aortic aneurysm rupture [1] [2] [3] [4] , while central venous line placement usually causes massive hemothorax [5] . In this case the complication of central venous catheter placement caused a subclavian artery laceration and a pleural lesion that led to a far rarer complication such as tension hemothorax, which is the cause of a hypovolemic and obstructive shock at the same time. In this skinny lady, the ultrasound approach did not protect the manoeuvre, done by a very skilled anesthesiologist. The hybrid room permitted a prompt surgical and endovascular treatment of this life-threatening condition, as in others' experience [7] . In this case a Video-Assisted-Thoracoscopy (VATS) was not considered a valid option because of the emergency, with an impending cardiac arrest in place, and the need for a rapid procedure whose purpose was just the chest decompression. A recurrent leak could be prevented with more pronounced balloon dilatation of the stent at the time of placement; this was not accomplished at that time because of fear for artery complete disruption.
Conclusions
Tension hemothorax due to inadvertent subclavian artery laceration is an infrequent complication of a standard procedure, like central venous line placement. It can be life-threatening and should be managed in a hybrid room with endovascular and surgical capabilities. We presented a case which requested an emergency
